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(54) NONVOLATILE SEMICONDUCTOR STORAGE DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce largely the cost per bit of a nonvolatile 
semiconductor storage device, by storing the data of two bits in its single memory cell 
and reducing the area of the memory cell. 

SOLUTION: On both the sides of a polycrystal Si film 43 used as a control gate which are 
present in the extending direction of an Al film 56 used as a word line, polycrystal Si films 
46, 47 used as a pair of floating gates are provided to form source/drain diffusion regions 
53. 54 on the respective lower outsides of the films 46. 47. Thereby, it is made possible 
to write/read data for the respective ones of a pair of memory transistors 35. 36 present 
in a single memory cell 33b independently of each other, and the formation of a so-called 
contactless type memory cell can be realized. 
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A, Relevance of the Above-identified Document 

This document has relevance to claims 1 and 14 of 
the present application. 

B. Translation of the Relevant Passages of the Document 
[0027] 

[EMBODIMENT] 

With reference to Figs. 1 to 3, the following describes 
the first and second specific examples of the present 
invention applied to an EEPROM. Fig. 3 illustrates an 
equivalent circuit which is common to the first and second 
specific examples. In the equivalent circuit of the first and 
second specific examples, v/ires (bit lines/source lines) 
31a to 31d and word lines (control gates) 32a and 32b are 
arranged in lattice. Between the wires 31a to 3 Id, memory 
cells 33a to 33f are provided in matrix. 
[0028] 

In the equivalent circuit of the first and second 
specific examples, each of the memory cells 33a to 33f 
includes a selective transistor 34 and, on both sides 
thereof, memory transistors 35 and 36. The selective 
transistor 34 and the memory transistors 35 and 36 are 
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connected serially. The selective transistor 34 uses only 
the word lines (control gates) 32a and 32b as gate 
electrodes, and the memory transistors 35 and 36 use the 
word lines (control gates) 32a and 32b and floating gates 
37 and 38 as gate electrodes. 
[0029] 

When electrons are injected into the floating gates 37 
and 38 of the memory transistors 35 and 36, threshold 
voltages of the memory transistors 35 and 36 increase. 
Therefore, the memory transistors 35 and 36 function as 
offset resistors for the selective transistor 34. 
[0030] 

However, it is known that, if an offset resistor is 
provided to the source or drain of a transistor, 
current-driving capability is much lower in the case the 
offset resistor is provided to the source, than in the case 
the offset transistor is provided to the drain. 
[0031] 

One reason for this phenomenon is that, whereas an 
offset resistor provided to the source generates a 
substrate bias effect, thereby increasing the threshold 
voltage, an offset resistor has smaller influence in the 
vicinity of the drain, because the depletion layer stretches 
in the vicinity of the drain, so that the potential in the 
vicinity of the drain is controlled by the electric field from 
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the drain. 
[0032] 

Therefore, by appropriately adjusting the gate 
lengths of the memory transistors 35 and 36, it is possible 
to ensure that a current flows to the memory transistor 
(offset resistor) 35 or 36 provided to the drain, and that 
not current flows to the memory transistor 35 or 36 
provided to the source. 
[0033] 

The present invention makes use of such an 
asymmetric characteristic of transistors. The pair of 
memory transistors 35 and 36 are provided in each of the 
memory cells 33a to 33f, so that data can be written and 
read independently with respect to each of the memory 
transistors 35 and 36. In this way, two bits of data can be 
stored in each of the memory cells 33a to 33f. 
[0034] 

In order to write data into the memory transistor 35 
of, for example, the memory cell 33b in the equivalent 
circuit of the first and second specific examples shown in 
Fig. 3, 5V is applied to the wire 31b, which is connected 
to the drain of the memory cell 33b, and to the wire 31a 
(all the wires provided on the left of the wire 31 in Fig. 3), 
and the wires 31c and 3 Id (the rest of the wires provided 
on the right in Fig. 3) are grounded. Only the word line 
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32a is supplied with a high voltage (e.g. 12V), and the 

other word line 32b is grounded. 

[0035] 

As a result^ a current flows only to the memory cell 
33b, and hot electrons are generated in a high-field region 
in the vicinity of the drain. Therefore, electrons are 
selectively injected only into the floating gate 37 of the 
memory transistor 35. Data is thus written. 
[0036] 

On the other hand, in order to read data from the 
memory transistor 35 of the same memory cell 33b, 2V is 
applied to the wire 3 1c, which is connected to the drain of 
the memory cell 33b, and to the wire 3 Id (all the wires 
provided on the right of the wire 3 Id in Fig. 3). Then, the 
wires 31c and 31d are floated. Meanwhile, the wires 31a 
and 31b (the rest of the wires provided on the left in Fig. 
3) are grounded. Only the word line 32a is supplied with 
5V, for example, and the other word line 32b is grounded. 
[0037] 

In this case, if the gate lengths of the memory 
transistors 35 and 36 are appropriately adjusted as 
described above, only the state of the memory transistor 
35 determines ON/OFF of the current flow to the memory 
cell 33b, regardless of the state of the memory transistor 
36. Therefore, it is possible to read the data in the 
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memory transistor 35 by detecting potential drop when 
the potential of the wire line 31c drops to an intermediate 
potential between 2V and OV. 
[0038] 

Data can be read more efficiently if an appropriate 
coupling capacitor is provided between (i) the floating 
gates 37 and 38 of each memory cell 33a to 33f and (ii) 
the source/drain diffusion layers. This is because, in 
reading data from the memory transistor 35 as described 
above, the potential of the floating gate 38 of the memory 
transistor 36 is increased not only by capacitance 
coupling with the word line 32a, but also by capacitance 
coupling with the wire 31c, resulting in the decrease of 
offset resistance of the memory transistor 36. 
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